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(57) ABSTRACT 

A passive microwave thermography apparatus uses passive 
microwave antennas designed for operation, for example, at 
WARC protected frequencies of 1.400 to 1.427 GHZ and 
2.690 to 2.70 GHZ (for core body gradient temperature mea 
surement) and 10.68 to 10.700 GHZ or higher microwave 
frequency (for surface body gradient temperature measure 
ment) and a related directional antenna or antenna array to 
measure microwave radiation emanating from an animal, 
especially, a human body. The antennae may be radially 
directed toward a point within or on the surface of a human 
body for comparison with known temperature distribution 
data for that point and a given ambient temperature. Each 
frequency band may provide a plurality of adjacent noise 
measuring channels for measuring microwave noise naturally 
emitted by the human body. The apparatus measures short 
term changes in, for example, core and body surface tempera 
tures to establish a basal metabolic rate. Changes in core body 
temperature may be stimulated by the administration of food 
or certain organic and drug-related substances or stress to 
induce a change in basal metabolic rate over time. These 
changes correlate directly with a human subject’s metabolism 
rate at rest and under certain dietary constraints and can be 
used to determine courses of treatment for obesity, metabolic 
disease, and other disorders. The apparatus can also be used to 
remotely monitor patients and subjects without physical con 
tact. 
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PASSIVE MICROWAVE ASSESSMENT OF 
HUMAN BODY CORE TO SURFACE 

TEMPERATURE GRADIENTS AND BASAL 
METABOLIC RATE 

CROSS-REFERENCE 

[0001] This application claims priority to provisional US. 
Application Ser. No. 60/944,217 ?led Jun. 15, 2007, and to 
provisional US. Application Ser. No. 61/061,513 ?led Jun. 
13, 2008 and is a continuation-in-part of US. application Ser. 
No. 11/931,399 ?led Oct. 31, 2007, and of US. application 
Ser. No. 12/336,822 ?led Dec. 17, 2008, the entire disclosures 
of Which arc hereby incorporated by reference into the present 
application. 

TECHNICAL FIELD 

[0002] Aspects described herein relate to a passive micro 
Wave medical assessment of animal, especially human, body 
core to surface temperature gradients, for example, for basal 
metabolic rate determination and include a method for induc 
ing metabolic response changes in response to a stimulus and 
comparing the measurements of temperature changes over 
time via passive microWave receiver apparatus With a pre 
dicted temperature change. 

DISCUSSION OF RELATED ART 

[0003] Healthy Weight management for both adults and 
children is noW a primary concern for most health-care prac 
titioners, as obesity is noW the second leading cause of death 
in the US and is Well-recognized in the medical community to 
be responsible for approximately tWo thirds of all cardiovas 
cular disease and diabetes and 15-20% of all reported cancers. 
An indicator of obesity is body mass index (BMI). Body mass 
index is given by a person’s Weight in kilograms divided by 
the square of that person’s height in meters. A typical body 
mass index for a middle aged person is betWeen 19 and 27. A 
value over 25 is generally recogniZed as an indicator of over 
Weight and a value over 30 is recogniZed as an indicator of 
obesity. Obesity can typically be corrected by diet and exer 
cise, but in extreme situations, surgery to restrict stomach 
volume and/or bypass a portion of the small intestine have 
been used to advantageously cause and sustain Weight loss. 
[0004] Basal metabolic rate (BMR) is de?ned as an amount 
of energy used per unit of time by a fasting, resting subject to 
maintain vital function and may be measured as calories 
consumed per hour per square meter of body surface area or 
per kilogram of body Weight. Basal metabolism is typically 
measured When a subject is aWake, at complete rest, has not 
eaten for fourteen to eighteen hours and is in a comfortable, 
Warm environment. The measurement of basal metabolism 
may require the expenditure of as much as an hour of time to 
determine including approximately thirty minutes for achiev 
ing a comfortable state and completing calibration. Stimuli 
should be avoided and use of a supply mask of air or oxygen 
and corresponding inlet and outlet tubes may create anxiety 
and impact the measurement adversely. 
[0005] When studying obesity in animal or human subjects, 
a loW basal metabolic rate is an indicator or potential causal 
factor of obesity. In other Words, the subject is unable to “burn 
off ’ su?icient calories during normal activity and the subject 
may tend to gain Weight no matter hoW much the subject diets 
or exercises. Basal metabolic rate may be measured in terms 
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of respiratory quotient (RQ) Which is a ratio of volume of 
carbon dioxide produced to oxygen consumed per unit of 
time. 
[0006] Animal subjects, especially of the small, furry vari 
ety such as mice or rabbits, have high respiratory rates and fur 
and radiate less from their skin surface than humans. On the 
other hand, a feW tenths of a degree of change in body tem 
perature is considered large in comparison With human tem 
peratures at skin surface or at the core. Consequently, a sys 
tem for measuring temperature should have high resolution 
and be capable of measuring less than a one degree K. tem 
perature change. 
[0007] Also, a diet or exercise program that may Work for 
one individual may not be successfully used by another due to 
variations in hoW individuals react to various food or dietary 
supplements or exercise. Mault in US. Pat. No. 7,291,114 
describes a system and method of determining an individual 
iZed drug administration protocol comprising measuring 
actual metabolic rate, for example, using metabolic calorim 
eter apparatus employing respiratory gas analysis as 
described in US. Pat. No. 6,955,650. Then, Mault determines 
a metabolic comparison factor by comparing the measured 
actual metabolic rate to a predetermined standard metabolic 
rate and adjusting a standardized drug dosage using the com 
parison factor. 
[0008] Basal metabolic rate has been recogniZed as impor 
tant to the study of medicine since at least the beginning of the 
tWentieth century. US. Pat. No. 4,386,604 to Hershey 
describes the history of the determination of basal metabolic 
rate by various apparatus. One apparatus knoWn in the art 
determines the quantity of oxygen consumed Within the body 
to energy via an oxygen ?lled spirometer and a carbon diox 
ide absorbing system. Hershey describes a Whole-body calo 
rimeter for measuring basal metabolism rate including a 
chamber 4 into Which air may be provided through an inlet 
port 7 and the air collected at an outlet port 8 analyZed via, for 
example, relative enthalpy of an inlet airstream and corre 
sponding outlet airstream along With heat generation and heat 
loss from the Whole body. 
[0009] Tanita Corporation of Japan has been issued US. 
Pat. Nos. 6,477,409 and 6,480,736 directed to a less onerous 
method of determining basal metabolism rate by calculating 
the fat-free mass of a subject from bioelectrical impedance. 
Tanita describes an apparatus and method of calculating by 
demonstrating an indirect correlation betWeen bioelectrical 
impedance and basal metabolism through fat-free mass. Cur 
rent supplying and voltage detecting portions 18, 19 are 
shoWn for connection via electrodes to a left and right foot of 
a subject. Tanita, thus, teaches a prediction for basal metabo 
lism by measuring a bioelectrical impedance of a subject, 
calculating a fat-free mass and then calculating basal metabo 
lism using a formula involving the calculated fat-free mass. 
Scatter plots in the ’736 patent shoW observed values versus 
calculated values of basal metabolism and basal metabolism 
versus fat-free mass. Also, per FIG. 3, there is shoWn a cor 
relation of male versus female and age With basal metabo 
lism. Thus, fat-free mass calculated via bioelectric imped 
ance is a predictor of basal metabolism. Other predictors of 
basal metabolism than bioelectrical impedance are knoWn. 
[0010] Passive infrared and microWave thermography or 
radiography is a knoWn medical diagnostic process Which 
primarily relies on the infrared but may be knoWn to utiliZe 
emission across the microWave or other energy across the 
acoustic through the radio frequency spectrum naturally 



US 2010/0069782 A1 

emitted by the body, for example, to record hot and cold areas 
of the human body, for example, via increases and decreases 
in blood ?oW. Accordingly, a passive microWave thermo 
graphic receiver utilizes no microWave energy emission from 
the receiver, only from the human body, and is therefore 
completely safe in that it results in no damage to living organ 
isms. The infrared band of frequencies is immediately proxi 
mate to the microWave band. Infrared scanning thermography 
has been utiliZed for the purposes of determining skin surface 
temperature. The high, light frequency of infrared energy 
does not permit the measurement of core body temperature, 
only skin surface temperature, because light does not pen 
etrate through skin of a human body. On the other hand, 
infrared thermography, for example, as described in US. Pat. 
No. 3,862,423 to Kutas et al., has been utiliZed to demonstrate 
and quantify the differentiation in body temperature found at 
the skin surface. 

[0011] The skin itself is an important organ of the body for 
the purposes of thermoregulation, that is, insuring that a body 
maintains a constant core temperature. The skin is capable of 
releasing or acquiring energy at the skin surface depending on 
the body’s environment, for example, being immersed in 
Water or Walking on a sunny day in normal atmosphere at the 
same temperature. One may feel cold in the Water and Warm 
in the sun. 

[0012] Humans are able to control their heat production 
rate and heat loss rate to maintain a nearly constant core 
temperature of 370 C. or 310 K. A typical skin/fat layer of a 
human may have a thickness of 3 mm and conductivity k of 
0.3 W/m-K and their surface area may be 1.8 m2. lfit is 297 K 
in air, convection heat transfer to the air for this person is 
characterized by a coe?icient h of 2 W/m2~K. While if 
immersed in the same temperature of Water, the same indi 
vidual Will exhibit a high convection heat transfer rate to the 
Water of 200 W/m2~K. Heat losses due to convection and 
radiation are calculable to 37 W and 109 W respectively. A 
typical rate of metabolic heat generation is on the order of 100 
W. 109 W exceeds 100 W; so if the person stays in the Water 
too long, the core body temperature Will begin to fall. The 
person may develop hypothermia. The skin temperature in air 
may be 340 C. While the skin temperature in Water may be 280 
C. or uncomfortably cold (depending on the individual and 
hoW long the person stays in the Water). 
[0013] TWo dimensional thermal maps of extended areas of 
human skin are knoWn in the art as therrno grams, a record of 
a thermograph. Differences in skin temperature on the order 
of 0.1 degree Centigrade may be detected by such thermo 
grams. The thermogram provides a visual image of tempera 
ture differential Which, by comparison With a norm, can iden 
tify areas of infection at skin level or those re?ected at skin 
level, Where temperature differential, for example, exhibited 
by a tumor buried at depths of one or more centimeters may be 
detected at skin level. A stimulus of heat differential at a core, 
such as a tumor, may be ampli?ed at the surface such as skin 
surface. An example of a method and apparatus for thermal 
radiation imaging via infrared intensity is given by US. Pat. 
No. 6,023,637 of Liu et al. 
[0014] Recently, a number of papers and patents have pub 
lished or issued directed to the use of passive microWave 
thermography. Most of the efforts and applications of such 
passive microWave thermography have been directed at the 
diagnosis of cancerous tumors Which are knoWn to demon 
strate temperature differentials of one or more degrees Kelvin 
in comparison With surrounding tissue. As a temperature 
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increase is stimulated Within a core of the body, thermal 
radiation moves toWard the body surface and is attenuated at 
each layer of tissue. The intensity of radiation emitted at each 
point in a radial direction is directly proportional to the tem 
perature on the absolute scale. A ?rst step in such analysis is 
to study the natural temperature distribution of, for example, 
a human body, so that the abnormal may be differentiated 
from the normal. In this manner, a tumor may be located by its 
radiating temperature as differentiated from surrounding tis 
sue. The temperature increase may be re?ected back at the 
interface With the non-cancerous surrounding tissue or be 
refracted at the interface. Thus, one use of passive microWave 
thermography is in cancer detection. Other applications than 
cancer diagnosis include diagnosis of hypothermia, ?rst 
degree burns (While third degree burns are cold), infected 
organs, phlebitis, trauma, cysts and the like Where a tempera 
ture differential from a normal may be detected. Another 
application suggested for thermograms is the detection of 
pregnancy. For example, temperatures of the breasts of a 
female are knoWn to elevate during early stages of pregnancy. 
[0015] The measurement of thermal microWave radiation 
from humans, also knoWn as microWave thermography has 
been typically considered in the frequency range of 0.5 to 10 
GHZ Where the loWer the frequency, the greater the depth of 
penetration Within the body under examination. MicroWave 
thermography is described in several US. Patents, including 
US. Pat. No. 4,617,442 to Land. Typical uses ofmicroWave 
thermography have been to diagnose biomedical maladies 
using static measurements and images of the body as 
described in US. Pat. No. 5,023,637 to Liu and Wang. 
SterZer, US. Pat. No. 5,949,845, is especially concerned With 
diagnosis of breast cancer using tWo displaced microWave 
antennas to measure the temperature difference betWeen tWo 
points of a patient’s body tissue. Correlation thermography 
alloWs for static non-invasive interior temperature measure 
ments as describedinU.S. Pat. No. 4,416,552 to Hessemer, Jr. 
et al. The ’552 patent describes the use of acoustic or electro 
magnetic transducers. FIG. 8, taken from Johnson and Guy, 
“NonioniZing Electromagnetic Wave Effects in Biological 
Materials and Systems,” Proc. IEEE, v. 60, no. 6, June, 1972. 
pp. 692-713 (Table l, p. 694) provides a log-log plot of elec 
tromagnetic Wave penetration into different dielectric mate 
rial of the human body: muscle, skin tissue With high Water 
content versus fat, bone, tissue With loW Water content. A 
similar chart is found in the article, “Non-Invasive Monitor 
ing of Body lntemal Temperature Using a Passive MicroWave 
Radiometer,” presented Mar. 3-6, 2006 at “Physiology and 
Pharmacology of Temperature Regulation,” in Phoenix, AriZ. 
by Vesnin and Gorbach as taken from A. Barrett & P. Myers, 
Science, 1975. These graphs tend to shoW a penetration for 
1-10 GHZ of a fraction, for example, 0.3 to 0.1 mm respec 
tively for muscle, skin tissue With high Water content to 10 to 
1 cm respectively for loW Water content fat and bone Where 
the higher the frequency, the less the radial penetration depth. 
[0016] The problems uncovered in such passive microWave 
systems have been related to differentiating human body gen 
erated noise from noise generated by other sources. Solutions 
to the problem have focused on development of special anten 
nae, improved impedance matching and collecting large 
noise samples on the order of hundreds of megahertz in band 
Width. Haslam et al. in their paper, “Aperture Synthesis Ther 
mo graphyiA NeW Approach to Passive MicroWave Tem 
perature Measurements in the Body,” IEEE Transactions on 
MicroWave Theory and Techniques, v. MTT-32, No. 8, 
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August, 1984, pp. 829-835, suggest borrowing the radio 
astronomical technique of aperture synthesis for a 1.0 to 3.0 
GHZ antenna linear array of dipole antennae With suitable 
balancing netWorks. An antenna array is mounted to the 
underside of a table having a top comprising a high dielectric 
constant, loW-loss material betWeen the patient and antennas 
to provide a corresponding improvement in resolution. 
[0017] Typically, the systems described above have been 
applied to the human hand, the human leg, a loot, the head, 
and it has been suggested to utiliZe the human ear. The Walls 
of the ear canal present an extreme case of achieving a high or 
loW equilibrium temperature While the ear canal closely 
approximates a core temperature of 986° F. (370 C.). In 
particular, the tympanic membrane has been utiliZed and 
relied upon by researchers as an important location for the 
measurement of core body temperature. For example, a ther 
mocouple thermometer is inserted into the ear canal so as to 
touch the tympanic membrane and measure a core body tem 
perature. Core body temperature is especially accurate at its 
source, the hypothalamus. On the other hand, insertion of a 
temperature probe into via brain tissue to reach the hypothala 
mus is invasive and not practical. Minimally invasive moni 
toring of core temperature is practiced under the tongue, 
insertion into the rectum, under the arm, in the esophagus at or 
near the level of the heart and in the nasopharyngeal cavity. 
[0018] The ear has a large capillary system, and its surface, 
for example, the top of the ear can quickly be called upon to 
collect or radiate heat depending on loW or high environmen 
tal temperature. Capillary blood vessels, under control of the 
sympathetic nervous system, are capable of opening or clos 
ing completely and of changing their caliber Within Wide 
ranges such that the skin performs remarkably Well as a heat 
exchanger and as a regulator of body temperature. 
[0019] A passive microWave ?re and intrusion detection 
system is described in the provisional US. Application Ser. 
No. 60/944,217 ?led Jun. 15, 2007, by Icove and Lyster, now, 
US. patent application Ser. No. 11/931,388 ?led Oct. 31, 
2007. Their invention describes the non-contact measure 
ment of human body temperatures from tWenty-?ve feet to up 
to 15 meters (50 feet) aWay from the antenna or array. The 
application describes the use of protected, noise-free frequen 
cies from the ?eld of radio astronomy for detecting the pres 
ence of a human being Who radiates a given level of micro 
Wave radiation as noise over a microWave frequency range of 
interest. Radio astronomy is internationally allocated certain 
bands of frequencies for research purposes according to the 
1979 International Telecommunication Union’s World 
Administrative Radio Conference, also knoWn as “WARC 
79,” (J. Cohen, et al., CRAF Handbookfor Astronomy, Com 
millee on Radio Astronomy Frequencies, European Science 
Foundation, 3d Ed. (2005)). These bands are free of micro 
Wave active transmission and so are relatively free of noise 
When used for passive detection, for example, from the stars 
or planets. Use of passive microWave frequencies at these 
internationally protected frequencies Within the microWave 
radiation spectra may guarantee that reception is free of inter 
ference from active microWave radiation. 
[0020] Some of the WARC-79 allocated bands are reserved 
as “PRIMARY exclusive.” These PRIMARY exclusive bands 
include 21.850 to 21.870 MHZ, providing a 20 KHZ Wide 
band; 1.400 to 1.427 GHZ, providing a 27 MHZ band; 2.690 to 
2.700 GHZ, providing a 10 MHZ band, 10.680 to 10.700 GHZ, 
providing a 20 MHZ band; 15.350 to 15.400 GHZ, providing 
a 50 MHZ band; and 23.600 to 24.000 GHZ, providing a 400 
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MHZ band. The higher the microWave frequency, the smaller 
a directional antenna may be. In addition, some WARC allo 
cated bands are labeled as “PRIMARY exclusive” but are 
restricted according to region of the Earth’s surface. 
[0021] Other frequencies also are set aside and require 
“Noti?cation of Use” When someone Wishes to transmit on 
these frequencies. These frequencies include 4.950 to 4.990 
GHZ, providing a 40 MHZ band. The 1.6 to 1.7 GHZ band is 
utiliZed for missile tracking radar but the chances of interfer 
ence With use in a passive human body temperature detection 
system Would be loW. Still others are “PRIMARY shared With 
active.” 
[0022] MicroWave radiation from human subjects is in the 
form of White noise and at very loW amplitude. While passive 
microWave detection of microWave radiation is knoWn and 
has been explored, for example, for purposes of tumor diag 
nosis, improvements in antenna design, electronic circuitry, 
image analysis and the like remain to be made. 
[0023] The study of temperature variation in the human 
body Was documented by Pennes, “Analysis of Tissue and 
Arterial Blood Temperature in the Resting Human Forearm,” 
Journal ofAppliedPhysiology, V. 1, August, 1948, No. 2, pp. 
93-121. Pennes thoroughly documents radial depth versus 
body temperature using, for example, rectal thermometers, 
thermocouples and needle thermocouples penetrating to pre 
determined radial depths in a plurality of subjects at given 
room temperatures. Local rate of tissue heat production is 
considered along With volume How of blood. In one experi 
ment, an intentional circulatory occlusion is introduced. The 
data collected for points around and along the length of the 
arm from the upper arm to the hand have been questioned and 
veri?ed by Wissler, “Steady-state Temperature Distribution 
in Man,” Journal ofApplied Physiology, 16(4), 1961. pp. 
734-740 and “Pennes’ 1948 Paper Revisited,” Journal of 
Applied Physiology 85(1), 1998, pp. 35-41. In the latter 
paper, Wissler states at page 40: “Experimental data reported 
by Pennes are probably as good as We Will ever have, unless 
a non-invasive technique is developed for measuring deep 
tissue temperatures.” 

SUMMARY OF EMBODIMENTS, ASPECTS 
THEREOF AND METHODS 

[0024] This invention uses microWave radiation emanating 
from various appendages of a human body to measure precise 
short-term changes in temperature that correlate With changes 
in metabolism. By passively receiving WARC protected 
microWave frequencies and more narroW bandWidth, a plu 
rality of relatively noise-free voltage readings corresponding 
to different radial depths in human tissue as given by micro 
Wave center frequency can be obtained and compared With the 
Pennes model. The result of a short, one or tWo minute (or 
less) assessment can be a radial temperature gradient for a 
given individual (at different depths of human tissue) for 
comparison With a norm. An assessment method also com 
prises the measurement of metabolic response changes at a 
given depth or at skin surface in response to stimulus by either 
externally applied temperatures or the controlled use of ther 
mogenic response-inducing liquids, foods or drugs, via exer 
cise as in a knoWn stress test or via other knoWn stress induc 
ing scenarios such as the intentional loud play of disturbing 
music. A speci?c dietary plan may be suggested for treatment 
after assessing the response to such stimuli. Moreover, the 
measurement or detection of human body temperature may 
generally provide an overall mass screening of individuals in 




















